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(54) Device for calculating initial correction factor for correcting rotational angular velocity of tire 



(57) A device for calculating a correction factor for 
correcting an output of a rotational angular velocity 
detecting device for detecting the rotational angular 
velocities of right and left tires mounted on a vehicle. 
Discrimination between a state where the vehicle is lin- 
early traveling and a state where the vehicle is traveling 
on a curved path is made on the basis of the output of 
the rotational angular velocity detecting device. Only 
when it is judged that the vehicle is linearly traveling, an 
initial correction factor for eliminating the effect of a dif- 
ference in effective rolling radius between the tires 
depending on an initial difference on the rotational 
angular velocities of the tires is calculated. 
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Description 

. BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an initial correction 
factor calculating device used for a tire pressure drop 
detecting device, for example, for finding an initial cor- 
rection factor for eliminating the effect of a difference in 
effective rolling radius depending on an initial difference 
between tires on the rotational angular velocities of the 
tires. 

Description of Related Art 

In recent years, as an example of a safety device of 
a four-wheel vehicle such as an automobile oiva truck, 
devices for detecting the drop in air pressure of a tire 
(DWS) have been developed, and some of them have 
been put to practical use. 

An example of a method of detecting the drop in air 
pressure of a tire is a method utilizing a difference 
among the respective rotational angular velocities F 1t 
F 2 . F 3l and F 4 of four tires W 1( W 2 , W 3 , and W 4 
mounted on a vehicle. This method utilizes the fact that 
the rotational angular velocity Fj 0 = 1. 2, 3. 4) changes 
depending on the conditions of the air pressure of the 
tire WV That is. when the air pressure of any one of the 
tires Wj drops, the effective rolling radius of the tire Wj 
decreases. As a result, the rotational angular velocity Fj 
of the tire Wj increases. Therefore, the drop in the air 
pressure of the tire Wj can be judged on the basis of a 
difference in the rotational angular velocity Fj. 

The effective rolling radius is a value obtained by 
driving the travel distance of the tire W s freely rolling in a 
loaded state by one rotation by 2k. 

A judgment expression used in detecting the drop 
in the air pressure of the tire Wj on the basis of the dif- 
ference in the rotational angular velocity Fj is the follow- 
. ing equation (1), for example (see Japanese Patent 
Laid-Open No. 305011/1988, Japanese Patent Laid- 
Open No. 212609/1992, etc.): 

F 1 + F 4 F 2 + F 3 

D = = 2 c _ 2 = x100 (1). 

F 1 +F 2 + F 3 + F 4 

4 

If ail the effective rolling radii of the tires Wj are the 
same, the respective rotational angular velocities Fj are 
the same (F 1 = F 2 = F 3 = F 4 ). Consequently, a 
judged value D is zero. Therefore, thresholds D TH1 and 
D T H2 (where Djm. DyH2 > 0) are set. When the condi- 
tion given by the following expression (2) is satisfied, it 
is judged that there is a tire Wj whose air pressure 
drops. When the condition is not satisfied, it is judged 
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that all the tires W { have normal internal pressure. 

D<-D TH1 orD>D TH2 (2). 

5 The effective rolling radius of the actual tire Wj 
includes a variation within a production tolerance (here- 
inafter referred to as an "initial difference"). That is, even 
if all the four tires Wj have normal internal pressure, the 
effective rolling radii of the four tires Wj differ depending 

w on the initial difference. Correspondingly, the rotational 
angular velocities Fj of the tires Wj vary. As a result the 
judged value D may be a value other than zero. There- 
fore, it may be erroneously judged that the air pressure 
drops, although it does not drop. In order to detect the 

is drop in the air pressure with high precision, therefore, it 
is necessary to eliminate the effect of the initial differ- 
ence from the detected rotational angular velocity Fj. 

As a technique for eliminating the effect of the initial 
difference from the rotational angular velocity Fj, it is 

20 considered that a technique disclosed in Japanese Pat- 
ent Laid-open No. 3 18584/1 995 is applied. In the tech- 
nique, the ratio of the rotational angular velocities of 
right and left following tires is calculated. Further, a 
time -differentiated value of the ratio of the rotational 

25 angular velocities is calculated. It is judged whether or 
not the time-differentiated value remains at not more 
than a predetermined limit value over a predetermined 
time period. If the time-differentiated value remains at 
not more than the limit value over a predetermined time 

30 period, it is judged that the vehicle is linearly traveling. 
An initial correction factor is calculated on the baas of 
the rotational angular velocities Fj calculated at this 
time. 

The initial correction factor is calculated only when 

35 it is judged that the vehicle is linearly traveling. There- 
fore, the calculation is not affected by the difference 
between the rotational angular velocities Fj of inner and 
outer tires which occurs at the time of cornering. There- 
fore, an initial correction factor faithfully representing a 

40 variation in effective rolling radius depending on an ini- 
tial difference between tires Wj should be calculable. 

In the above-mentioned prior art, however, a time- 
differentiated value of the ratio of the rotational angular 
velocities of right and left following tires is used as a 

45 basis for judgment whether a vehicle is linearly 
traveling. Therefore, it may, in some cases, be errone- 
ously judged that the vehicle is linearly traveling, 
although it is cornering. 

Specifically, when the vehicle is traveling on a road 

so having an almost constant radius of curvature (hereinaf- 
ter referred to as a "constant- R road"), for example, an 
exit road leading to a tollgate from an exit of a main lane 
in an interchange of a highway, it is erroneously judged 
that the vehicle is linearly traveling. More specifically, 

55 when the vehicle is traveling on such a constant-R road, 
a time-differentiated value of the ratio of the angular 
velocities is relatively small, and is hardly changed. In 
this case, it is judged that the time-differentiated value of 



2 



3 



EP 0 861 743 A2 



4 



the ratio of the angular velocities remains at not more 
than the limit value, and it is erroneously judged that the 
vehicle is linearly traveling. 

In this case, therefore, an initial correction factor 
which is affected by a variation in the rotational angular 
velocity Fj caused by cornering is calculated, whereby 
the rotational angular velocity Fj is erroneously cor- 
rected. As a result, the drop in air pressure of a tire is 
erroneously judged. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
initial correction factor calculating device capable of reli- 
ably discriminating a state where a vehicle is linearly 
traveling from the other state and consequently, obtain- 
ing an initial correction factor faithfully representing a 
difference in effective rolling radius depending on an ini- 
tial difference between tires. 

Another object of the present invention is to provide 
a method of calculating an accurate initial correction 
factor by reliably discriminating a state where a vehicle 
is linearly traveling from the other state. 

A device according to the present invention is a 
device for calculating a correction factor for correcting 
an output of rotational angular velocity detection means 
for detecting the rotational angular velocities of right and 
left tires mounted on a vehicle, which comprises 
traveling state judging means for judging whether the 
vehicle is linearly traveling or the vehicle is traveling on 
a curved path on the basis of the output of the rotational 
angular velocity detection means, and factor calculation 
means for finding an initial correction factor for eliminat- 
ing the effect of a difference in effective rolling radius 
between the tires depending on an initial difference on 
the rotational angular velocities of the tires on the basis 
of the output of the rotational angular velocity detection 
means when the traveling state judging means has 
judged that the vehicle is linearly traveling. The curved 
path includes a path having an almost constant radius 
of curvature. 

According to the present invention, the discrimina- 
tion between the state where the vehicle is linearly 
traveling and the state where it is traveling on a path 
having an almost constant radius of curvature is made. 
When the vehicle is traveling on a path having an almost 
constant radius of curvature, therefore, it is not errone- 
ously judged that the vehicle is linearly traveling. Conse- 
quently, it is possible to obtain an initial correction factor 
faithfully representing the difference in effective rolling 
radius depending on the initial difference between the 
tires. If the present invention is applied to a tire pressure 
drop detecting device, therefore, it can be reliably 
judged whether or not the air pressure of the tire has 
dropped. 

Even if it is not examined whether or not a state 
where it is judged that the vehicle is linearly traveling is 
continuing for a predetermined time period, the discrim- 



ination between the state where the vehicle is linearly 
traveling and the state where it is traveling on a path 
having an almost constant radius of curvature can be 
reliably made because the above-mentioned traveling 

5 state judging processing is performed. Even in a short 
straight road, it can be reliably recognized that the vehi- 
cle is linearly traveling. 

The traveling state judging means may include 
means for calculating the ratio of the rotational angular 

10 velocities of the right and left tires on the basis of the 
output of the rotational angular velocity detection 
means, and means forjudging whether or not the differ- 
ence or the ratio between the calculated ratio of the 
rotational angular velocities of the right and left tires and 

15 reference data corresponding to the ratio of the rota- 
tional angular velocities of the right and left tires previ- 
ously calculated is less than a predetermined threshold, 
and judging that the vehicle is linearly traveling when it 
is judged that the difference or the ratio is not more than 

20 the threshold, for example. 

When the vehicle is traveling on a road having an 
almost constant radius of curvature, the ratio between 
the rotational angular velocities of the right and left tires 
generally falls in a predetermined range. If the above- 

25 mentioned threshold is set to a value which is less than 
the minimum value of a range in which the difference or 
the ratio falls, therefore, the discrimination between the 
state where the vehicle is linearly traveling and the state 
where it is traveling on a road having an almost constant 

30 radius of curvature can be reliably made. 

The factor calculation means may be one for sub- 
jecting the ratio of the rotational angular velocities of the 
right and left tires which is obtained on the basis of the 
output of the rotational angular velocity detection means 

35 and the initial correction factor previously found to aver- 
aging processing, to find an initial correction factor. In 
this case, the initial correction factor found by the factor 
calculation means may be used as reference data to be 
used in the traveling state judging means. 

40 In the present invention, the initial correction factor 
is found by performing averaging processing, whereby 
the precision of the initial correction factor is improved 
as the initial correction factor is calculated. Conse- 
quently, the precision of the judging processing in the 

45 traveling state judging means utilizing such an initial 
correction factor as reference data is improved as the 
initial correction factor is repeatedly calculated. There- 
fore, it can be more reliably recognized that the vehicle 
is linearly traveling. 

so The device according t? one embodiment of the 
present invention further comprises means for calculat- 
ing a time-differentiated value of a value corresponding 
to the turning radius of the vehicle (for example, the 
reciprocal of the turning radius) on the basis of the out- 

55 put of the rotational angular velocity detection means, 
and means for allowing judging processing in the 
traveling state judging means to be performed on condi- 
tion that the calculated time-differentiated value falls in a 
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predetermined allowable range. 

When the vehicle is linearly traveling, the reciprocal 
* of the turning radius of the vehicle is stable at an offset 
value corresponding to a variation due to the initial dif- 
ference between the right and left tires, for example. 5 

Consequently, the time-differentiated value is 
approximately zero. When the time-differentiated value 
falls in the allowable range, therefore, it can be pre- 
sumed that the vehicle is linearly traveling. The traveling 
state judging processing can be performed, excluding a 10 
state where a case where the possibility that the vehicle 
is linearly traveling is significantly low, for example, a 
case where the vehicle is going to curve a right angle 
corner. Specifically, the discrimination processing is 
performed only when it is presumed that the vehicle is is 
linearly traveling, whereby the efficiency of the process- 
ing can be increased. 

The device according to one embodiment of the 
present invention further comprises means for subject- 
ing the ratio of the rotational angular velocities of the so 
right and left tires which is obtained on the basis of the 
output of the rotational angular velocity detection means 
and initial data previously found to averaging process- 
ing, to find initial data, means for recording the number 
of times of calculation of the initial data, means for judg- 25 
ing whether or not the recorded number of times of cal- 
culation reaches a predetermined threshold, means for 
inhibiting the judging processing in the traveling state 
judging means from being performed until it is judged 
that the number of times of calculation reaches the 30 
threshold, and means for setting the initial data as refer- 
ence data to be first used in the traveling state judging 
means. In this case, the device may further comprise 
means for performing processing for finding the initial 
data on condition that the calculated time-differentiated 35 
value falls in the allowable range. 

In this construction, the judging processing in the 
traveling state judging means is inhibited until the 
number of times of calculation of the initial data corre- 
sponding to the ratio of the rotational angular velocities 40 
of the right and left tires reaches the threshold. In other 
words, the traveling state judging processing in the 
traveling state judging means is not performed until the 
number of times of calculation of the initial data reaches 
the threshold. In this case, initial data after calculation 45 
whose number of times corresponds to the threshold is 
used as the reference data to be used for the first 
traveling state judging processing. 

The initial data is found by the averaging processing 
when it can be presumed that the vehicle is linearly so 
traveling. When the number of times of calculation 
reaches the threshold, the initial data has sufficient pre- 
cision. Consequently, the judging processing can be 
performed with high precision from the beginning. 
Accordingly, it can be more reliably recognized that the ss 
vehicle is linearly traveling. 

Furthermore, the device according to the present 
invention may further comprise means for recording the 
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number of times of judgement of the state where the 
vehicle is traveling on a curved path in the traveling 
state judging means, means for judging whether or not 
the recorded number of times reaches a predetermined 
threshold, and means for initializing the initial correction 
factor when it is judged that the number of times 
reaches the threshold. 

Since the initial data is found before the traveling 
state judging processing is performed, it may be actu- 
ally found in a case where the vehicle is traveling on a 
road having an almost constant radius of curvature. In 
this case, the found initial data deviates from a true 
value which should be obtained when the vehicle is lin- 
early traveling. If such initial data is used, therefore, it is 
difficult to discriminate the state where the vehicle is lin- 
early traveling from the other state. There is a possibility 
that a precise initial correction factor cannot be eventu- 
ally found. 

The initial correction factor is calculated again from 
the beginning in a case where the number of times of 
judgement that the vehicle is traveling on a curved path 
(for example, a road having an almost constant radius of 
curvature) reaches the threshold. Although a time 
period elapsed until the factor is acquired is extended, a 
precise initial correction factor can be reliably obtained. 

It is preferable that the device according to the 
present invention further comprises means for clearing 
the recorded number of times when it is judged that the 
vehicle is linearly traveling by the traveling state judging 
means. 

A method for calculating a correction factor accord- 
ing to the present invention comprises a traveling state 
judging step for judging whether the vehicle is linearly 
traveling or the vehicle is traveling on a curved path on 
the basis of an output of rotational angular velocity 
detection means, and a factor calculating step for find- 
ing an initial correction factor for eliminating the effect of 
a difference in effective rolling radius between the tires 
depending on an initial difference on the rotational 
angular velocities of the tires on the basis of the output 
of the rotational angular velocity detection means when 
it is judged that the vehicle is linearly traveling. 

In this case, it is preferable that the traveling state 
judging step comprises the steps of calculating the ratio 
of the rotational angular velocities of the right and left 
tires, and judging that the vehicle is linearly traveling if 
the difference or the ratio between the calculated ratio of 
the rotational angular velocities of the right and left tires 
and reference data is not more than a predetermined 
threshold, while judging that the vehicle is traveling on a 
curves route if the difference or the ratio between the 
calculated ratio of the rotational angular velocities of the 
right and left tires and the reference data exceeds the 
threshold. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
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accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the construction s 
of a tire pressure drop detecting device to which 
one embodiment of the present invention is applied; 
Fig. 2 is a block diagram showing the electrical con- 
struction of the tire pressure drop detecting device; 
Fig. 3 is a flow chart for explaining tire pressure 
drop detection processing; 
Figs. 4 and 5 are flow charts for explaining STD 
(Straight Running Determination) processing; 
Fig. 6 is a diagram showing the reciprocal of the 
turning radius of a vehicle in a case where the vehi- 
cle is turning a right angle corner and its time-differ- 
entiated value; 

Fig. 7 is a diagram showing the reciprocal of the 
turning radius of a vehicle in a case where the vehi- 
cle is traveling on a constant-R road having a radius 
of curvature of 40 (m) and its time-differentiated 
value; 

Fig. 8 is a diagram showing the reciprocal of the 
turning radius of a vehicle in a case where the vehi- 
cle is traveling on an exit road of an interchange 
having a radius of curvature of 50 (m) and its time- 
differentiated value; and 

Fig. 9 is a diagram showing the reciprocal of the 
turning radius of a vehicle in a case where the vehi- 
cle is traveling on an exit road of an interchange 
having a radius of curvature of 200 (m) and its time- 
differentiated value. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a block diagram showing the construction 
of a tire pressure drop detecting device to which one 
embodiment of the present invention is applied. The tire 
pressure drop detecting device judges whether or not 
the air pressure of any one of four tires W-j , W 2 , W 3 , and 
W 4 provided in a four-wheel vehicle drops. The tires W 1 
and W 2 respectively correspond to right and left front 
tires. The tires W 3 and W 4 respectively correspond to 
right and left rear tires. 

A wheel speed sensor 1 is provided in relation to 
each of the tires W 1t W 2 , W 3 , and W 4 . The outputs of 
the wheel speed sensors 1 are fed to a control unit 2. . 

A display 3 is connected to the control unit 2. The 
display 3 is for reporting the tire W s (i = 1 , 2, 3, 4) whose 
air pressure drops, and is constituted by a liquid crystal 
display, a plasma display, a CRT (Cathode-Ray Tube), 
or the like. 

An initialising switch 4 is also connected to the con- 
trol unit 2. The initializing switch 4 is operated by a user 
in calculating an initial correction factors Kj Q = 1 , 2). The 
initial correction factors Kj are for eliminating the effect 
of a variation within a production torelance in effective 
rolling radius depending on an initial difference between 



tine tires Wj from the rotational angular velocities Fj of 
the tires Wj. 

Fig. 2 is a block diagram showing the electrical con- 
struction of the tire pressure drop detecting device. The 
control unit 2 is constituted by a microcomputer com- 
prising an I/O interface 2a, a CPU 2b. a ROM 2c, a RAM 
2d, and an EEPROM 2e. 

The I/O interface 2a is required to deliver signals to 
external devices such as the wheel speed sensors 1 
and the initializing switch 4. The CPU 2b is for perform- 
ing various operation processing in accordance with a 
control operation program stored in the ROM 2c. The 
RAM 2d is one to which data or the like is temporarily 
written when the CPU 2b performs a control operation 
and from which the written data or the like is read out. A 
part of a storage area of the RAM 2d is utilized as 
counters 21 and 22 used in STD (Straight Running 
Determination) as described later for calculating initial 
correction factors Kj. The EEPROM 2e stores the initial 
correction factors Kj calculated in the STD processing. 

Each of the wheel speed sensor 1 outputs a pulse 
signal corresponding to the speed of rotation of the tire 
Wj (hereinafter referred to as "wheel speed pulses"). In 
the CPU 2b, the rotational angular velocity Fj of each of 
the tires Wj is calculated for each predetermined sam- 
pling period AT (for example, AT = 1 (sec)) on the basis 
of the wheel speed pulses outputted from the wheel 
speed sensor 1 . 

Fig. 3 is a flow chart for explaining processing for 
detecting the drop in the air pressure of a tire in the tire 
pressure drop detecting device. The processing is per- 
formed for each sampling period AT in the control unit 2 
by the CPU 2b operating in accordance with the prede- 
termined program stored in the ROM 2c. In the following 
description, it is presupposed that an objective vehicle 
is an FF (front engine front drive) vehicle. 

The CPU 2b first judges whether or not the initializ- 
ing switch 4 is pressed (step S1). The initializing switch 
4 is generally pressed by a user when the vehicle is first 
caused to travel, the tire Wj is filled with air pressure, or 
the tire Wj is replaced. In other words, the initializing 
switch 4 is generally pressed before the traveling is 
started or immediately after the traveling is started. 

When the initializing switch 4 is pressed, the CPU 
2b judges that an instruction to execute the STD 
processing is issued, and the execution of the STD 
processing is prepared (step S2). Specifically, a count 
value N of the counter 21 corresponding to the number 
of times of calculation of the initial correction factors Kj 
is cleared. Further, the initial correction factors K-, and 
K 2 are respectively set to initial values ko (for example, 
kb = 1 .0). Thereafter, the program proceeds to the step 
S3. On the other hand, when it is judged that the initial- 
izing switch 4 is not pressed, the program directly pro- 
ceeds to the step S3. 

In the tire pressure drop detection processing, the 
initial correction factors Kj are calculated a plurality of 
number of times for each sampling period AT in the STD 
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processing, and obtained values are averaged, to calcu- 
late a precise initial correction factors Kj. Thai is, the ini- 
tial correction factors Kj are calculated by filtering 
processing for each sampling period AT. Consequently, 
the precision is increased every time the calculation is 
done. 

The CPU 2b judges whether or not the count value 
N reaches its maximum value N max (for example, N max 
= 500) in the step S3, if the count value N is less than 
the maximum value N max , it is considered that the preci- 
sion of the initial correction factors Kj is still insufficient, 
so that the STD processing is executed (step S4). On 
the other hand, when it is judged that the count value N 
reaches the maximum value N max , it is considered that 
a sufficiently precise initial correction factors Kj are 
obtained, so that normal tire pressure drop judgment 
processing (hereinafter referred to as "DWS process- 
ing") is executed (step S5). 

The DWS processing will be briefly described. In 
the DWS processing, the rotational angular velocity F f of 
each of the tires Wj is calculated on the basis of the 
wheel speed pulses outputted form the respective vehi- 
cle speed sensor 1. The calculated rotational angular 
velocities F { are then subjected to initial correction 
processing. Specifically, the initial correction factors Kj 
calculated in the STD processing is used, so that 
processing as expressed by the following equations (3) 
to (6) is performed: 



F1 , 



xF 2 



F1 3 = F 3 



F1 4 = K 2 xF 4 



(3) 
(4) 
(5) 
(6). 



Consequently, rotational angular velocities F1 { from 
which the effect of a difference in effective rolling radius 
depending on an initial difference between the tires Wj 
is eliminated are obtained. As apparent from the forego- 
ing equations (3) to (6), the initial correction factor is 
a factor for eliminating the effect of the difference in 
effective rolling radius depending on the initial differ- 
ence between the right and left front tires W 1 and W 2 . 
Further, the initial correction factor K 2 is a factor for elim- 
inating the effect of the difference in effective rolling 
radius depending on the initial difference between the 
right and left rear tires W 3 and W 4 . 

Thereafter, a judged value D for judging the drop in 
air pressure is calculated as expressed by the following 
equation (7) on the basis of the rotational angular veloc- 
ities F1 j thus obtained: 



45 



D = 



F1 1 + F1 4 F1 2 + F1 3 

2 " 2 
F1 1 + F1 2 + F1 3 + F1 4 
4 



x 100 



(7). 



It is then judged whether or not the air pressure 
drops on the basis of the calculated judged value D. 
Specifically, it is judged whether or not the judged value 
w D satisfies the following expression (8). In the following 
expression (8). D Tm = d th2 = 0 1 . for example: 



D > - D TH1 or D > D 



TH2 



(8). 



15 ff the judged value D satisfies the foregoing expres- 
sion (8), it is judged that the air pressure of any one of 
the tires Wj has dropped. On the other hand, if the 
judged value D does not satisfy the foregoing expres- 
sion (8), it is judged that there is no tire Wj whose air 

20 pressure has dropped. 

When it is judged that there is a tire Wj whose air 
pressure has dropped, data representing the judgment 
is fed to the display 3. In the display 3, the judgment that 
there is a tire Wj whose air pressure has dropped is dis- 

25 played. 

Figs. 4 and 5 are flow charts for explaining the STD 
processing. The CPU 2b first calculates the respective 
rotational angular velocities Fj of the tires Wj on the 
basis of the wheel speed pulses outputted from the 

30 wheel speed sensors 1 (step S41). Further, the recipro- 
cal R of the turning radius of the vehicle which is a 
parameter for grasping the current traveling state of the 
vehicle is calculated on the basis of the calculated rota- 
tional angular velocities F { (step S42). The reason why 

35 not the turning radius of the vehicle but the reciprocal 
thereof is taken as a parameter is that the value of the 
turning radius of the vehicle increases to infinity at the 
time of linear traveling, which is unsuitable for the 
processing in the CPU 2b, while the value of the recip- 

40 rocal reaches zero at the time of linear traveling, which 
makes the processing in the CPU 2b easy. The recipro- 
cal R of the turning radius of the vehicle is calculated in 
accordance with the following equation (9): 



R= ==- x ~ 
Tw F^ 



+ F 4 



(9). 



The rotational angular velocities Fj may include 
errors depending on the speed of the vehicle (vehicle 
speed) V and the front/rear acceleration FRA, of each of 

so the tires Wj. Specifically, when the vehicle speed V is 
significantly low, the detection precision of the vehicle 
speed sensors 1 is significantly degraded, so that it is 
highly possible that the calculated rotational angular 
velocities F { include errors. Further, when the front/rear 

55 acceleration FRAj of each of the tires Wj is high, the 
effect of the slip of the tire Wj due to rapid accelera- 
tion/rapid deceleration of the vehicle, for example, is 
considered, so that it is highly possible that the calcu- 
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lated rotational angular velocities Fj include errors. 

When it is thus highly possible that the rotational 
angular velocities Fj include errors, it is preferable that 
the rotational angular velocities Fj are rejected without 
being employed for detecting the drop in air pressure. 

Therefore, the CPU 2b calculates the vehicle speed 
V and the front/rear acceleration FRA, of each of the 
tires Wj on the basis of the rotational angular velocity Fj 
calculated in the step S41. It is judged whether or not 
the rotational angular velocities Fj calculated in the 
present sampling period AT should be rejected on the 
basis of the vehicle speed V and the front/rear acceler- 
ation FRAj of each other tires Wj which are calculated 
(step S43). 

More specifically, the vehicle speed V is calculated 
on the basis of the speed Vj of each of the tires Wj. The 
speed Vj of each of the tires W s is calculated in accord- 
ance with the following equation (10), where r is a con- 
stant corresponding to the effective rolling radius at the 
time of linear traveling, and is stored in the ROM 2c: 

Vj^rxFj (10). 

The vehicle speed V is calculated by the following 
equation (1 1) on the basis of the calculated speed Vj of 
each of the tires Wj: 

V = (V 1+ V 2 +V 3 + V 4 )/4 (11). 

The front/rear acceleration FRAj of each of the tires 
Wj is calculated by the following equation (12), letting 
BVj be the speed of the tire Wj calculated in the preced- 
ing sampling period AT: 

FRA ( = (Vj - BVj) / (AT x 9.8) (12). 

9.8 is inserted in the denominator in the foregoing 
equation (12) in order to convert the front/rear accelera- 
tion FRAj of each of the tires Wj to a value in the unit of 
G (gravity acceleration). 

It is then judged whether or not at least one of the 
following two conditions (1) and (2) is satisfied with 
respect to the vehicle speed V and the front/rear accel- 
eration FRAj of each of the tires Wj which are calcu- 
lated: 

(1) V < V-th (for example, Vjh = 15 (km/h)) 

(2) MAX {|FRA i |}>A rH 

(for example, Ar H = 0.1 g : g = 9.8 (m/sec 2 )) 

As a result, when either one of the foregoing condi- 
tions (1) and (2) is satisfied, the rotational angular veloc- 
ities Fj are rejected, so that the program proceeds to the 
subsequent processing without doing calculation. On 
the other hand, when neither one of the foregoing con- 
ditions (1) and (2) is satisfied, the rotational angular 
velocities Fj are not rejected, so that processing for 
judging whether or not the vehicle is linearly traveling is 



performed. 

More specifically, the CPU 2b pays attention to the 
fact that when the vehicle is linearly traveling, the turn- 
ing radius of the vehicle is hardly changed on the time 

5 basis, so that a time<lifferentiated value BL of the recip- 
rocal R of the turning radius of the vehicle is calculated 
as expressed by the following equation (13) (step S44). 
In the following equation (13), BR is the reciprocal of the 
turning radius of the vehicle which is calculated in the 

10 preceding sampling period AT, and is held in the RAM 
2d: 

R' = dR/dt=|R-BR|/AT (13). 

15 It is judged whether or not the calculated time-dif- 
ferentiated value R' falls in a predetermined allowable 
range Rjh (where Rjh represents a range of not less 
than R TH1 nor more than R-n-^ : for example, R-thi = - 
0.0005, and R TH2 = 0.0005) (step S45). If the time-dif- 

20 ferentiated value R* is outside the allowable range Rjh, 
it is judged that the vehicle is not linearly traveling. In 
this case, the rotational angular velocities Fj include 
errors caused by skidding of the tires Wj. If the rotational 
angular velocities Fj are used, therefore, a precise initial 

25 correction factors Kj cannot be calculated. In this case, 
therefore, the rotational angular velocities F { are 
rejected, so that the program proceeds to the subse- 
quent processing without doing calculation. On the 
other hand, if the time-differentiated value R' falls in the 

30 allowable range R TH , it is judged that the vehicle is line- 
arly traveling. In this case, the rotational angular veloci- 
ties Fj faithfully represent a difference in effective rolling 
radius depending on an initial difference between the 
tires Wj. After the reciprocal B of the turning radius of 

35 the vehicle which is calculated in the step S42 is held as 
BR in the RAM 2d (step S46), therefore, processing for 
calculating the initial correction factors Kj using the rota- 
tional angular velocities Fj are performed. 

When the vehicle turns a right angle corner, for 

40 example, it can be reliably judged in the step S45 that 
the vehicle is not linearly traveling. As an example, in a 
period A during which the vehicle turns a right angle 
corner, as shown in Fig. 6 the reciprocal R of the turning 
radius of the vehicle indicted by a solid line is increased, 

45 so that its time-differentiated value FV indicated by a bro- 
ken line greatly exceeds the allowable range R-n-j. 

When the vehicle is traveling on a road curved at a 
constant radius of curvature (hereinafter referred to as a 
"constant-R road*) such as an exit road of an inter- 
so change of a highway, however, it may be erroneously 
judged in the step S45 that the vehicle is linearly 
traveling. The reason for this is that the turning radius of 
the vehicle is approximately constant on the constant-R 
road, so that the time-differentiated value BL is approxi- 

55 mately zero. 

As an example, in a period B during which the vehi- 
cle is traveling on a constant-R road having a radius of 
curvature of 40 (m), the reciprocal B of the turning 
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radius of the vehicle is approximately constant, so that 
its time-differentiated value R* fells in the allowable 
. range Rjh. which slightly varies, in many cases, as 
shown in Fig. 7. Therefore, it may be erroneously 
judged that the vehicle is linearly traveling. 5 

When the vehicle is traveling on an exit road of an 
interchange having a radius of curvature of 50 (m), 
there are periods during which the reciprocal R of the 
turning radius of the vehicle is approximately zero, for 
example, periods C1 and C2, as shown in Fig. 8. Its 10 
time-differentiated value R' in these periods falls in the 
allowable range Rth- 

Furthermore, when the vehicle is traveling on an 
exit road of an interchange having a radius of curvature 
of 200 (m), a period during which the reciprocal R of the is 
turning radius of the vehicle is in the vicinity of zero is 
long, so that a period during which its time-differentiated 
value FV falls in the allowable range R-n-i is also long, as 
shown in Fig. 9. 

When the vehicle is thus traveling on the exit road of 20 
the interchange, it may be erroneously judged that the 
vehicle is linearly traveling without depending on the 
radius of curvature. 

On the other hand, when the vehicle is traveling on 
the constarrt-R road, the ratio of the rotational angular 25 
velocities of the right and left tires slightly changes with 
an elapse of time as described above. Specifically, the 
radius of curvature of an exit road of an interchange 
which is a typical example of the constant- R road is 
generally 60 (m) to 500 (m). In this case, a variation in 30 
the ratio of the rotational angular velocities of the right 
and left tires is 4 (%) to 1 (%) on average. In the STD 
processing, therefore, a threshold is set to a value which 
is less than the minimum value of a range in which the 
ratio of the rotational angular velocities of the right and 35 
left tires falls, to perform processing for discriminating 
between a state where the vehicle is traveling on the 
constant-R road and a state where it is linearly traveling 
(hereinafter referred to as supplemental discrimination 
processing). 40 

Examples of reference data for the supplemental 
discrimination processing include the initial correction 
factor K t corresponding to the ratio of the rotational 
angular velocities of the right and left front tires W 1 and 
W 2 and the initial correction factors K 2 corresponding to 45 
the ratio of the rotational angular velocities of the right 
and left rear tires W 3 and W 4 . On the other hand, each 
of the factors K-j and K 2 is calculated by performing fil- 
tering processing for each sampling period AT, whereby 
the precision of the factors is increased every time the so 
calculation is done. In the STD processing, therefore, 
the above-mentioned supplemental discrimination 
processing is performed after the precision of each of 
the initial correction factors and K 2 which is the refer- 
ence data is sufficiently increased. Consequently, the 55 
supplemental discrimination processing can be per- 
formed with high precision from the beginning. In the 
present embodiment, the initial correction factors 



and K 2 in a period before the precision is sufficiently 
increased correspond to initial data. 

The CPU 2b judges whether or not a count value N 
of a counter 21 is not less than a predetermined thresh- 
old Njh (for example, Njh = 11) prior to performing the 
above-mentioned supplemental discrimination process- 
ing (step S47). If the count value N is less than the 
threshold N-^, it is judged that the precision of the initial 
correction factors K 1 and K 2 serving as the reference 
data is still insufficient, so that the initial correction fac- 
tors Kj are directly calculated without performing the 
supplemental discrimination processing. Specifically, 
the count value N of the counter 21 is incremented by 
"1 " (step S48), so that the number of times of calculation 
of the initial correction factors Kj are recorded. The 
count value H is then substituted in the number of data 
required for averaging (hereinafter referred to as "the 
number for averaging") (step S49), after which the initial 
correction factors Kj are calculated in accordance with 
the following equations (14) and (15) (step S50). In the 
following equations (14) and (15), BKj represents the 
preceding initial correction factor Kj: 

is NN - 1 1 F 4 

K 2-~r^ xBK 2 + i^ X r% (15) - 



The calculated initial correction factors Kj are held 
as BKj in the RAM 2d (step S51 ). 

When the count value N reaches the threshold N™ 
after repeating the foregoing processing, it is judged 
that the initial correction factors K 1 and K 2 having suffi- 
cient precision are obtained as the reference data, so 
that the supplemental discrimination processing is per- 
formed (step S52). More specifically, it is judged 
whether or not the difference between the ratio F avf in 
the present sampling period of the rotational angular 
velocities F-| and F 2 of the right and left front tires W 1 
and W 2 and the initial correction factor K-j is more than 
a predetermined threshold K TH (for example, K^ = 0.5 
(%)), or whether or not the difference between the ratio 
F aV f in the present sampling period of the rotational 
angular velocities F 3 and F 4 of the right and left front 
tires W 3 and W 4 and the initial correction factor K 2 is 
more than the above-mentioned predetermined thresh- 
old K TH . More specifically, it is judged whether or not 
conditions given by the following expression (16) are 
satisfied: 

Favf " K ll > K TH 0r IFavr ' K 2 | > K TH (16). 

When it is judged that neither one of the two condi- 
tions given by the foregoing expression (16) is satisfied, 
it is judged that the vehicle is not traveling on the con- 
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starrt-R road but is linearly traveling. After the count 
value N is incremented by M 1 w (step S54), the initial cor- 
rection factors Kj are calculated. In this case, a value 
obtained by subtracting (N TH - 1 ) from the count value N 
is substituted, as expressed by the following equation 
( 1 7) , in the number for averaging NN in order to subtract 
the number of initial correction factors whose preci- 
sion is still insufficient which are calculated in a period 
before the supplemental discrimination processing is 
performed (step S55): 

NN = N-(N TH -1) (17). 

The number for averaging NN is substituted in the 
foregoing equations (14) and (15). to calculate the initial 
correction factors Kj (step S50). 

Processing for clearing the count value C of the 
counter 22 in the step S53 prior to the step of substitut- 
ing a numerical value in the number for averaging NN. 
will be described later. 

On the other hand, when it is judged in the forego- 
ing step S52 that either one of the two conditions given 
by the foregoing expression (16) is satisfied, it is judged 
that the vehicle is traveling on the constant-R road, so 
that processing for judging whether or not the initial cor- 
rection factors Kj should be calculated again from the 
beginning, skipping the calculation of the initial correc- 
tion factors Kj in steps S56 to S58. That is, as described 
in "SUMMARY OF THE INVENTION", the reference 
data first used in the supplemental discrimination 
processing in the step S52 may deviate from the true 
basis which is a value in a case where the vehicle is lin- 
early traveling. In this case, it is necessary to calculate 
the initial correction factors Kj again, to prevent the pre- 
cision of the initial correction factors Kj from being 
decreased. 

The above-mentioned judgment processing will be 
described in more detail. In the CPU 2b. the count value 
C of the counter 22 is incremented by "1" (step S56), 
and it is judged whether or not the count value C is not 
less than a predetermined threshold 0™ (for example, 
C TH = 100) (step S57). If the count value C is less than 
the threshold C TH , the program proceeds to the subse- 
quent processing without doing calculation. On the 
other hand, if the count value C is not less than the 
threshold C TH , it is judged that the initial correction fac- 
tors Kj are unsuitable as reference data because it is 
calculated when the vehicle is traveling on the constant- 
R road, so that the count value N is cleared, and the ini- 
tial correction factors Kj are set to an initial value ko 
(step S58). 

It may. in some cases, be erroneously judged that 
the vehicle is traveling on the constant-R road by unex- 
pected noise or the like, although the initial correction 
factors Kj have been actually calculated at the time of 
linear traveling. In such a case, if the count value C 
remains as it is, the initial correction factors Kj are calcu- 
lated again, although they have been calculated with 



high precision. When it is judged that the vehicle is line- 
arly traveling in the step S52, therefore, the count value 
C is cleared (step S53). 

As described in the foregoing, according to the 

5 present embodiment, the supplemental discrimination 
processing is performed on the basis of the difference 
between the ratio of the rotational angular velocities of 
the right and left tires and the reference data When the 
vehicle is traveling on the constant-R road, for example, 

w therefore, it is not erroneously judged that the vehicle is 
linearly traveling. In other words, it can be reliably rec- 
ognized that the vehicle is linearly traveling. Therefore, 
the initial correction factor can be found with high preci- 
sion. Accordingly, the effect of the difference in effective 

is rolling radius depending on the initial difference can be 
eliminated from the rotational angular velocities F } . As a 
result, it can be reliably judged whether or not the air 
pressure of any one of the tires Wj has dropped. 

Even if it is not examined whether or not a state 

20 where it is judged that the vehicle is linearly traveling is 
continuing for a predetermined time period, it can be 
reliably judged whether or not the vehicle is linearly 
traveling because the above-mentioned supplemental 
discrimination processing is performed. Accordingly, it 

25 can be reliably recognized that the vehicle is linearly 
traveling even in the case of short linear traveling. Even 
in an urban district in Japan where short straight roads 
and right angle corners connect with each other in may 
cases, therefore, a precise initial correction factors Kj 

30 can be rapidly obtained. 

Although description has been made of the embod- 
iment of the present invention, the present invention is 
not limited to the embodiment. For example, in the 
above-mentioned embodiment, the supplemental dis- 

35 crimination processing is not performed until the count 
value N reaches the threshold N-n-j in order to improve 
the precision of the supplemental discrimination 
processing from the beginning. If the simplification of 
the processing, for example, is attached importance to, 

40 however, the supplemental discrimination processing 
may be performed from the beginning. In this case, as 
an initial value of the reference data, the average ratio of 
the rotational angular velocities of the right and left tires 
in a case where the vehicle is linearly traveling may be 

45 used. 

Although in the present embodiment, the supple- 
mental discrimination processing is performed on the 
basis of the difference between the ratio of the rotational 
angular velocities of the right and left tires and the refer- 
so ence data, it may be performed on the basis of the ratio 
of the rotational angular velocities of the right and left 
tires to the reference data. Specifically, when the vehicle 
is traveling on a constant-R road, the ratio of the rota- 
tional angular velocities of the right and left tires to the 
55 reference data generally falls in a predetermined range, 
similarly to the difference between the ratio of the rota- 
tional angular velocities of the right and left tires and the 
reference data. 
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Furthermore, although in the above-mentioned 3. 
embodiment, it is judged whether or not the vehicle is 
„ linearly traveling on the basis of the time-differentiated 
value K of the reciprocal R of the turning radius of the 
vehicle, it goes without saying that it may be judged 5 
whether or not the vehicle is linearly traveling on the 
basis of the time-differentiated value or values of the 
ratio of the rotational angular velocities of the right and 
left tires W t and W 2 and/or the ratio of the rotational 
angular velocities of the right and left rear tires W 3 and to 
W 4 , for example. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation. 15 4. 

Claims 

1 . A device for calculating a correction factor for 

correcting an output of rotational angular 20 
velocity detection means (1) for detecting rotational 
angular velocities of right and left tires mounted on 
a vehicle, comprising: 

traveling state judging means (S52) for judging 25 
whether the vehicle is linearly traveling or the 
vehicle is traveling on a curved path on the 
basis of the output of the rotational angular 
velocity detection means ( 1 ) ; and 5. 
factor calculation means (S50) for finding an 30 
initial correction factor for eliminating an effect 
of a difference in effective rolling radius 
between the tires depending on an initial differ- 
ence on the rotational angular velocities of the 
tires on the basis of the output of the rotational 35 
angular velocity detection means (1) when the 
traveling state judging means (S52) has judged 
that the vehicle is linearly traveling. 

2. The device according to claim 1 , wherein 40 

the traveling state judging means (S52) 
includes 

means for calculating a ratio of the rotational 
angular velocities of the right and left tires on 45 
the basis of the output of the rotational angular 
velocity detection means (1), and 
means for judging whether or not a difference 
or a ratio between the calculated ratio of the 
rotational angular velocities of the right and left so 
tires and reference data which correspond to a 6. 
ratio of the rotational angular velocities of the 
right and left tires previously calculated is less 
than a predetermined threshold, and judging 
that the vehicle is linearly traveling when it is 55 
judged that the difference or the ratio is not 
more than the threshold. 



The device according to claim 2, wherein the factor 
calculation means (S50) subjects the ratio of the 
rotational angular velocities of the right and left tires 
which is obtained on the basis of the output of the 
rotational angular velocity detection means (1) and 
an initial correction factor previously found to aver- 
aging processing, to find an initial correction factor, 
the device further comprising 

means (S52) for taking the initial correction fac- 
tor found by the factor calculation means (S50) 
as reference data to be used in the traveling 
state judging means. 

The device according to any one of claims 1 to 3, 
further comprising 

means (S44) for calculating a time-differenti- 
ated value of a value corresponding to a turn- 
ing radius of the vehicle on the basis of the 
output of the rotational angular velocity detec- 
tion means (1), and 

means (S45) for allowing judging processing in 
the traveling state judging means (S52) to be 
performed on condition that the calculated 
time-differentiated value falls in a predeter- 
mined allowable range. 

The device according to claim 4, further comprising 

means (S50) for subjecting a ratio of the rota- 
tional angular velocities of the right and left 
tires which is obtained on the basis of the out- 
put of the rotational angular velocity detection 
means (1) and initial data previously found to 
averaging processing, to find initial data, 
means (S48) for recording the number of times 
of calculation of the initial data, 
means (S47) for judging whether or not the 
recorded number of times of calculation 
reaches a predetermined threshold, 
means (S47) for inhibiting the judging process- 
ing in the traveling state judging means (S52) 
from being performed until it is judged that the 
number of times of calculation reaches the 
threshold, and 

means (S52) for setting the initial data as refer- 
ence data to be first used in the traveling state 
judging means (S52). 

The device according to claim 5, further comprising 

means (S45) for performing processing for find- 
ing the initial data on condition that the calcu- 
lated time-differentiated value falls in the 
allowable range. 

The device according to any one of claims 1 to 6, 
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further comprising 

means (S56) for recording the number of times 
of judgement that the vehicle is traveling on a 
curved path in the traveling state judging s 
means (S52), 

means (S57) for judging whether or not the 
recorded number of times reaches a predeter- 
mined threshold, and 

means (S58) for initializing the initial correction to 
factor when it is judged that the number of 
times reaches the threshold. 

8. The device according to claim 7, further comprising 

15 

means (S53) for clearing the recorded number 
of times when it is judged that the vehicle is tin- 
early traveling by the traveling state judging 
means (S52). 

20 

9. A method of calculating a correction factor for cor- 
recting an output of rotational angular velocity 
detection means (1) for detecting rotational angular 
velocities of right and left tires mounted on a vehi- 
cle, comprising: 25 

a traveling state judging step of judging 
whether the vehicle is linearly traveling or the 
vehicle is traveling on a curved path on the 
basis of the output of the rotational angular 30 
velocity detection means (1); and 
a factor calculating step of finding an initial cor- 
rection factor for eliminating an effect of a differ- 
ence in effective rolling radius between the tires 
depending on an initial difference on the rota- 35 
tional angular velocities of the tires on the basis 
of the output of the rotational angular velocity 
detection means (1) when it is judged that the 
vehicle is linearly traveling. 

40 

10. The method according to claim 9, wherein 

the traveling state judging step includes the 
steps of 

calculating a ratio of the rotational angular 45 
velocities of the right and left tires, and 
judging that the vehicle is linearly traveling if a 
difference or a ratio between the calculated 
ratio of the rotational angular velocities of the 
right and left tires and reference data is not so 
more than a predetermined threshold, while 
judging that the vehicle is traveling on a curved 
path if the difference or the ratio between the 
calculated ratio of the rotational angular veloci- 
ties of the right and left tires and the reference ss 
data exceeds the threshold. 
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